The vasodilatory effects of nicotinic alcohol tartrate (Roniacol) were tested on 12 normal adult males, utilizing digital venous occlusion plethysmography, brachial and digital artery oscillometry and flicker photometry. Orally administered Roniacol in single doses up to 200 mg. has no significant effect on the auscultatory blood pressure, pulse rate, or peripheral arterial circulation of normal individuals.
T HERE ARE numerous pathologic conditions having as a common factor arterial insufficiency. These are mainly due to partial or complete reduction in arterial or arteriolar luminal size. This decrease is usually due to organic changes in the vessels, abnormal increase in the sympathetic vascular tone, or a combination of the two.
Various methods have been used in an attempt to increase the arterial blood supply. Locally acting agents and agents that act by the decrease of sympathetic vasular tone have been tried in an attempt to increase the functional vessel size or to increase the collateral circulation by maximal vasodilatation.
Temporary subjective improvement of peripheral arterial insufficiency has frequently been associated with the use of a new drug or type of treatment. The typical clinical course, however, is improvement for only a short period of time; either the basic pathologic processes progress, or the psychologic amelioration disappears, and the patient returns to the former status, or is frequently worse. In order to determine objectively the effects of various drugs or treatments on the changes in peripheral arterial circulation in the human, various methods have been used. The most common have been: (1) variations in skin temperature, (2) Exercise tolerance, although frequently an excellent index of muscular anoxia in the lower extremities, is too greatly related to the psychologic situation to serve as more than a clinical test for individual responses. It can not be considered reliable for the purpose of investigation of the physiologic effects of vasodilator drugs or new types of treatment unless continued over long periods of time. Many initial reports of effective vasodilator drugs have proved disappointing after prolonged trial where too much significance has been placed on the initial subjective improvements.
Venous occlusion plethysmographyl 2 and oscillometry3 have proved to be reliable means of measuring peripheral circulatory changes.
The flicker fusion threshold has been previously shown to be a reliable and sensitive indicator of the depressing action of anoxia and to reflect the generalized vascular response to vasodilators by alteration in the flicker fusion threshold. In the normal individual, vasodilation has been shown to produce a depression of the flicker fusion threshold by congestion and relative anoxia of the visual apparatus. In the vasospastic individual there is an increase of the flicker fusion threshold by removing the spasm and thus increasing the blood supply.4
Digital venous occlusion plethysmography, brachial and digital artery oscillometry, and flicker photometry were utilized in this study.
Circulation, Volume V1, July 195k' PURPOSE The purpose of this investigation has been to evaluate the vasodilatory effects of Roniacol* (nicotinic alcohol tartrate). Numerous clinical evaluations of this drug have been made, with rather consistently favorable vasodilatory results reported.5-7 Roniacol has been reported as having a vasodilatory effect on both coronary and peripheral circulation.8
However, clinical evaluation has been made on a purely subjective level without measurement of changes in actual circulatory volume.
CHEMICAL PROPERTIES OF RONIACOL Roniacol is a 3-pyridine-methanol or ,3pyridyl-carbinol (the alcohol corresponding to nicotinic acid) with the following structural formula:
It is a nonvolatile colorless liquid with a slight characteristic odor and is freely soluble in water and alcohol. Aqueous solutions are practically neutral.9 PROCEDURE Materials. All oscillometric and venous occlusion plethysmographic determinations were made with the Johnson Recording Oscillometer,10 a simple apparatus recording the peripheral volume pulse wave on photographic paper. It consists of a reinforced blood pressure cuff that is applied around the appendage to be measured. The greatest systolic amplitude of the peripheral volume wave is determined from tracings taken at each 5 mm. Hg occlusion pressure level from 20 mm. above auscultatory systolic pressure to 20 mm. below auscultatory diastolic pressure. Changes in the volume pulse wave are transmitted to the recording system through a damped metallic diaphragm. The recording system is attached to a calibrated pipet in which a small droplet of 95 per cent ethyl alcohol moves freely with changes in displaced air volume. The movement of the alcohol droplet is recorded by focusing a beam of light on moving photographic paper in a camera container. * Roniacol is a registered trademark of Hoffmann-La Roche, Inc., Nutley, New Jersey, and the material was kindly furnished by them.
The recording apparatus is used to measure absolute blood inflow volume in the finger by replacing the blood pressure cuff and diaphragm with a glass cylinder placed on the finger and sealed proximally with a rubber diaphragm, while the opposite end is attached by means of rubber tubing directly with the measuring pipet containing the alcohol droplet. Sudden venous occlusion at 60 mm. Hg pressure on the wrist converts the apparatus into a venous occlusion plethysmograph.
The flicker fusion thresholds were determined with the Krasno-Ivy Flicker Photometer.5 Control levels of the flicker fusion threshold were obtained by seating the subject 5 feet from the flicker photometer in an evenly lighted room and while the subject concentrated on the flicker photometer light, reducing the flickering light from about 2900 flashes per minute until the subject reported "flicker." The procedure is repeated until approximately the same rate occurs three times consecutively. The same procedure is used after the administration of the test drugs.
Methods. Twelve normal white men, varying in age from 20 to 60 years, were used in all tests. For each determination the individuals were rested for 30 minutes before the control readings were taken.
Room temperatures varied between 20 and 23 C. All the determinations were made with the subjects in the sitting position.
Each individual was tested twice with the placebos of lactose, and with 50, 100, and 200 mg. of Roniacol. Each test was done on a different day but only twice weekly to prevent adaption to the drug. The drugs were prepared in identical tablets and taken orally. Oscillometric tracings from the right arm, pulse rates, and auscultatory blood pressures, were taken from each individual as controls, and repeated every 30 minutes for three hours after oral administration of the tablets.
The tests were repeated with identical drugs and doses, each again on different days, twice weekly. Oscillometric tracings were taken from the third finger right hand. Simultaneous flicker fusion thresholds were determined. Determinations of both were taken before the drugs were administered, and every 30 minutes thereafter for three hours.
The procedure was again repeated with the identical drugs and doses. Digital venous occlusion plethysmographic volume changes were recorded utilizing the Johnson Recording Oscillometer.
RESULTS

General Effects of Roniacol
The symptomatic effects of Roniacol taken orally in the postabsorptive state are similar to those previously reported.8 In this study the typical response began in anywhere from 5 to 30 minutes, although usually in 10 to 15 91 1 'I minutes, and lasted from 10 to 60 minutes. The onset usually began with a warm, prickling or tingling sensation, starting on the face and spreading to the forehead, ears, back of the neck, upper chest (especially anteriorly), usually progressing to the forearms and hands, occasionally to the legs and feet and rarely to the torso. Occasionally these sensations became burning and extremely unpleasant. A visible flush usually followed the onset of the (a) Brachial Arterial Oscillometry. After oral administration of 50, 100, and 200 mg. of Roniacol, there were no significant changes of the average blood flows for the test period of three hours when compared with the pre-Roniacol blood flow control values (p > 0.5), symptomatic effects, but occasionally preceded or occurred simultaneously. The pattern of the flush was usually similar to the parethesia. The flush usually lasted longer than the parethesia. Slight stomach ache, nausea, and headache occurred rarely. The extent of both the symptomatic effects and the visible flush were directly related to the dosage, usually none being present with 50 mg. Roniacol and almost always and to greater degrees with 200 mg.
Roniacol.
or when compared to the normal physiological variations after taking placebos (p > 0.5). The average rates of blood flow for the threehour test period after oral administration of the placebo, 50, 100, and 200 mg. Roniacol are shown in figure 1 .
There was no significant variation in the auscultatory systolic or diastolic pressures after oral administration of 50, 100, and 200 mg. Roniacol when measured 30 to 60 minutes after administration and when compared either with the placebo values, or with their own pre-Roniacol control blood pressure values (p > 0.5). The average systolic and diastolic blood pressures for the 12 subjects showed only slight average variation ( fig. 2 ).
There was no significant difference between the normal physiologic variations in pulse rate with placebo and the pulse rates after oral administration of 50, 100, and 200 mg. Roniacol (p > 0.5). The average pulse rates for the 12 subjects showed very small average (d) Flicker Photometry. There was no significant variation in the average maximal flicker fusion threshold change for the three-hour duration of the test after administration of 50, 100, and 200 mg. Roniacol, when compared to the pre-Roniacol control values or the placebo values (p > 0.5).
DISCUSSION
The rate of blood flow in the hand and foot is changed readily by vasoconstrictor stimuli, although the circulation in the forearm and leg is, for the most part, unaffected by stimuli which do not have a cardiovascular effect and enhanced by those which appear to increase cardiac output.12 As Roniacol produces no significant change in blood pressure, pulse rate or the systolic ejection expansion of the brachial artery, it consequently appears to have no significant effect on cardiac output.
Roniacol has no significant effect on digital blood flow as measured both in oscillometric units, and directly by venous occlusion plethysmography.
As the volume pulse is a sensitive indicator of the vasomotor activity which is of insufficient degree to show itself on blood pressure changes,' lack of significant alteration of the volume pulse following oral administration of 50, 100, and 200 mg. of Roniacol indicates that it has no significant effect on the sympathetic vasomotor tone in the upper extremity. As the lower extremity normally has even a higher degree of sympathetic tone than the upper extremity' even less effect would be expected on the lower extremity.
The lack of significant change of the flicker fusion threshold indicates that Roniacol has no significant vascular effects on the visual apparatus. With vasodilation there would have been marked depression of the threshold.
It is unlikely that any significant transient effects occurred between determinations, as most of the 30-minute determinations were made during the period of both maximal symptoms and visual flush.
The presence of flush without measurable changes in circulation, as determined by the tests employed in this study, probably indicates that the clinical effects of Roniacol are due to dilatation of the skin capillaries. This might account for some of the favorable results reported with chronic trench foot6 and with gangrenous skin.7 The failure to demonstrate circulatory changes despite the visible flush may be due to several factors, such as (1) insufficient sensitivity of the tests for recording the effects of flushing, or (2) concomitant vasoconstriction in other vessels in the same limb, thus producing no change in the total blood flow. These studies were performed using single doses of Roniacol on normal men and do not necessarily indicate the action of the drug when given continuously in the treatment of disease. SUMMARY AND CONCLUSIONS Orally administered Roniacol in single doses up to 200 mg. has no significant effect on the auscultatory blood pressure, pulse rate, or circulation of normal individuals as measured by: (1) brachial arterial and digital oscillometry, (2) digital venous occlusion plethysmography, and (3) flicker photometry.
